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Annual stem circumference growth rates of 23 woody species of the Sand Forest and woodland in Maputaland are presented for the first time.
The rare Sand Forest, has been identified as an endemic, diverse vegetation type that is under threat from land transformation and human
utilisation outside conservation areas. The growth rate of the selected woody species was evaluated over a 71-month survey that encompassed
climatic extremes, oscillating from heavy rainfall to drought in a short period of time. The mean annual stem circumference growth rate among the
investigated species varied thirteen fold, from a low of 2.04 mm/yr for Brachylaena huillensis to 26.28 mm/yr for Garcinia livingstonei. When the
data of all species were considered, there was a significant positive relationship between stem circumference and growth rate, but no significant
relationship between wood density and growth rate. The present results suggest that there is no significant difference in terms of mean annual
growth rate between the Sand Forest and woodland vegetation types. In general, woodland species showed larger fluctuations in growth rate and
the temporal pattern of Sand Forest species seemed to lag behind that of the woodland species. These trends can in part be ascribed to the
woodland species all being deciduous, whereas the Sand Forest suite included both deciduous and evergreen species. Annual growth rates
measured from dry season to dry season were not related to the seasonal rainfall pattern, but appeared to be highly dependent on the water
availability at the time of the enumeration. The larger size classes reacted sooner to decreased water availability and a reduction in growth of larger
trees was accompanied by an increase in growth in the smaller size classes.
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Wood in general, is a major natural resource in Africa for
rural communities, where it is used as construction material, for
crafts and curios, and as energy source. In Africa alone,
firewood represents 80 to 90% of the energy consumption in
communal rural areas (Droppelmann and Berliner, 2000) and
with the current population increase and lack of economic
development in most Third World countries, the demand for
wood as a natural resource is likely to increase (Droppelmann
and Berliner, 2000; Lott et al., 2000). Wood consumption will
ultimately not be sustainable and will result in the massive⁎ Corresponding author. Tel.: +27 12 420 2338; fax: +27 12 420 6096.
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doi:10.1016/j.sajb.2007.09.001depletion of woody vegetation surrounding centres of popula-
tion growth in rural areas (Okello et al., 2001).
The focus of the present study is in northern KwaZulu–Natal
which lies in the core of the Maputaland Centre of Plant
Endemism (Van Wyk and Smith, 2001). This centre is home to
many rare plant and animal species, many of them neo-endemic,
and it has a high biodiversity value (Kirkwood and Midgley,
1999; Van Wyk and Smith, 2001). Of particular importance in
the centre is the rare Sand Forest (Moll, 1977; Ward, 1981;
Kirkwood and Midgley, 1999; Van Rensburg et al., 1999;
Matthews et al., 2001; Van Wyk and Smith, 2001; Mucina and
Rutherford, 2006) also called Licuati Forest (Myre, 1964;
Izidine et al., 2003) which tends to be patchily distributed along
a characteristic north–south axis. Between the patches of Sand
Forest, woodland vegetation at various densities occurs. The
restricted distribution of the Sand Forest, in conjunction withts reserved.
Table 1
Mean monthly and annual rainfall (mm) for the study period as measured at the
Shihangwane weather station at the gate of the Tembe Elephant Park
Monthly rainfall (mm)
2000 2001 2002 2003 2004 2005 2006
January 181.6 164.3 63.7 15.0 79.8 36.0 112.0
February 260.5 192.3 9.4 75.3 91.5 124.0 78.0
March 381.6 43.7 0.0 4.0 64.2 58.3 20.0
April 43.6 47.2 17.5 4.1 94.2 22.0 27.0
May 15.0 0.4 4.5 20.0 0.3 81.0 7.0
June 1.2 31.0 6.0 97.0 5.0 6.0 0.0
July 9.5 10.8 21.0 1.5 39.0 3.4 2.0
August 0.0 0.0 15.5 0.0 1.0 0.0 23.0
September 58.0 21.7 1.3 16.5 71.0 11.0 25.0
October 71.2 35.4 17.5 56.4 21.0 11.0 34.0
November 231.6 153.0 26.5 83.5 96.0 110.0 90.0
December 137.3 204.8 64.0 0.0 60.0 17.4 140.0
Total 1391.1 904.6 246.9 373.3 623.0 480.1 558.0
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the surrounding vegetation, results in it being potentially
endangered.
Cattle grazing, firewood demand, and the extraction of
material for building and crafts have been identified as the main
threats to the survival of many of Maputaland's endemic plant
species in rural areas (Cowden, 1996; Lewis and Mander,
2000). It is estimated that 85% of the rural households in
KwaZulu–Natal rely upon the use of wood resources for their
basic needs (Mander and Quinn, 1995). In the area under the
jurisdiction of the Tembe Tonga Tribal Authority, where the
present study was undertaken, the human population nearly
tripled from 1970 to 1995 (Lewis and Mander, 2000). This
population increase is accompanied by an improvement and
extension of the road infrastructure and the development of safe
water supply networks resulting in previously intact areas
becoming progressively utilised (Lewis and Mander, 2000).
Because of the heavy reliance of the human population on local
renewable natural resources it has become essential to establish
the potential for growth of selected woody plant species so that
this information can be built into models to plan the sustainable
utilisation of the woody resources. (Everard et al., 1994;
Kirkwood and Midgley, 1999; Lawes et al., 2004).
In this paper we aim to provide growth rate estimates for
stem circumference of 23 characteristic and economically
important woody plant species in Maputaland. Of these, 10
species were selected that belong to the Sand Forest, 10 to the
woodland, and three that occur in both vegetation types.
Relationships between growth rates and stem circumference,
wood density and vegetation type were investigated. The
growth rate information can in future be included in models to
establish sustainable levels of utilisation in rural areas in
KwaZulu–Natal.
1.1. Study area
The Tembe Elephant Park and Tshanini Community
Conservation Area are situated in northern Maputaland and
consist mainly of a sandy plain that is interspersed with ancient
littoral dunes. The area is covered by an open to closed
woodland, with patches of short to tall Sand Forest (see
Matthews et al. (2001) and Gaugris et al. (2004) for full
descriptions of the vegetation).
Tembe Elephant Park was created in 1983 and subsequently
completely fenced in 1989. Since 1983, little development has
occurred in the park and its main purpose was to preserve the
region's rare wildlife (KwaZulu–Natal Nature Conservation
Services, 1997; Browning, 2000). It has also served as a barrier
to protect the local people from elephants, Loxodonta africana,
raiding their crops. However, when the park was proclaimed it
was on the agreement with the local tribal authorities that the
local people would be allowed to harvest the natural resources
in a sustainable manner. Because of a lack of knowledge on how
to set sustainable levels of utilisation, the park's management
have not yet been able to implement such a programme to
harvest the natural resources to the benefit of the surrounding
rural communities.The Tshanini Community Conservation Area was established
in 2000 on the land of the Community of Manqakulane. For the
past 20 yr this land has been utilised for the harvesting of wood for
building and firewood, livestock grazing, hunting, the gathering
of fruit and honey, and subsistence cultivation. The initiative to
create this reserve has come from the people themselves who
envisage the utilisation of the natural renewable resources in the
reserve. A model to plan the sustainable utilisation of the woody
resources should therefore also be developed for the Tshanini
Game Reserve. Ideally, this model should be applicable to the
region in general to create an incentive for conservation.
The mean long-term annual rainfall as measured at Tembe
Elephant Park from 1959 is 700 mm with a coefficient of
variation of 51%. The monitoring period (2001 to 2006) was
preceded by an exceptionally wet year with 1391 mm of rain
being recorded in 2000, whereas 2002 was an exceptionally dry
year with only 247 mm of rain (Table 1).
2. Materials and methods
In 1983, the research staff of Tembe Elephant Park selected
29 woody plant species in a special exclosure in the park and
around the main office buildings for long-term phenological
surveys. A minimum of six and a maximum of 20 individual
trees were selected per species, covering as wide a range of stem
circumference sizes as possible. The information was collected
over a period of 9 yr and then the surveys were terminated. In
the present study, these plants were relocated in the exclosure,
and used to determine the growth rate of the species. The trees
around the office compound were not included in the present
study because too many of them had been damaged by
elephants. Brachylaena huillensis was added to the group of
species and was measured in the Tshanini Community
Conservation Area.
The exclosure in the Tembe Elephant Park is situated on the
south-western border of the park. Exclusion here refers mainly
to the exclusion of elephants by means of an electrified fence.
However, despite all efforts to prevent elephants from entering
Table 2
Maximum and minimum stem circumferences recorded during the first survey, the mean annual growth rate per species and vegetation type over the 71 month survey





Stem circumference growth rate (mm yr−1)
Long-term 2001/'02 season 2002/'03 season 2003/'04 season
Sand Forest species
Brachylaena huillensis 45.0 243.0 2.04 3.35 3.15 2.00
Cleistanthus schlechteri 130.0 410.0 3.69 0.67 6.82 −1.52
Drypetes arguta 70.0 120.0 2.18 −1.06 1.09 2.69
Hymenocardia ulmoides 102.0 180.0 3.48 7.87 3.64 1.01
Manilkara discolor 80.0 203.0 3.48 8.51 1.59 −1.69
Psydrax locuples 140.0 190.0 4.27 0.00 9.09 2.78
Psydrax obovata 82.0 193.0 4.88 0.80 3.64 0.00
Pteleopsis myrtifolia 74.0 260.0 12.20 −3.62 7.86 5.56
Strychnos henningsii 170.0 310.0 3.16 1.33 0.26 3.20
Vepris lanceolata 130.0 260.0 8.15 2.39 9.77 10.10
Mean Sand Forest species 4.75 2.02 4.69 2.41
Woodland species
Acacia burkei 160.0 280.0 7.49 0.77 3.04 20.37
Albizia versicolor 380.0 520.0 12.01 19.26 17.76 17.24
Combretum molle 110.0 330.0 6.14 8.09 2.58 5.22
Garcinia livingstonei 110.0 160.0 26.28 7.14 7.14 –
Rhus gueinzii 100.0 130.0 3.97 7.98 3.64 3.54
Sclerocarya birrea 30.0 494.0 13.31 1.41 2.27 27.61
Spirostachys africana 140.0 220.0 2.54 1.07 −2.28 0.00
Strychnos madagascariensis 108.0 250.0 5.65 −4.85 6.67 9.09
Strychnos spinosa 173.0 280.0 4.11 −12.18 15.15 4.71
Terminalia sericea 203.0 380.0 8.91 4.63 3.94 7.07
Mean woodland species 9.04 3.33 5.99 10.54
Mixed affinity species
Afzelia quanzensis 100.0 242.0 3.68 8.51 1.52 −0.15
Dialium schlechteri 94.0 180.0 4.74 3.55 6.97 5.89
Phyllanthus reticulatus 140.0 140.0 11.82 9.50 4.50 –
Mean mixed affinity species 6.75 7.19 4.33 2.87
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occurred. These incursions have devastated several sample
trees, and from the original sample of 29 species, the monitoring
of six species had to be abandoned completely because of the
total destruction of the trees. The plot in the Tshanini
Community Conservation Area is located on the edge of a tall
Sand Forest patch, whereas the plot in the Tembe Elephant Park
encompasses both the Sand Forest and the woodland vegetation
types.
The individual plants were identified and tagged by using
cable ties in combination with a lettered and numbered code.
The trees were marked with a ring of non-toxic white paint
150 mm above ground level. The stem circumference measure-
ments, in mm, were taken immediately above the painted ring
mark by using a tailor tape measure. In total 14 surveys were
conducted over a period of 71 months. No individuals of Gar-
cinia livingstonei and Phyllanthus reticulatus survived for the
entire monitoring period and long-term growth rates for these
species represent values for 29 and 27 months respectively.
The mean annual growth rate (AGR) was calculated per
species over the entire monitored period, from mid-summer
2000/2001 to mid-summer 2006/2007 as:
AGRSC ¼ a bð Þ=twhere AGRSC is the mean annual growth rate in stem
circumference (mm/yr), a is the largest tree dimension (mm),
b is the smallest tree dimension (mm) and t is the time between
the measurements (days/365=years).
Stem circumference growth data per species were also
calculated for each of the first three seasons separately. These
annual values were calculated from the dormant period (May or
June) in the one-year to the dormant period in the next year.
Mean annual stem circumference growth rates per vegetation
type were calculated as a mean of all the component species.
Evidence for a relationship between growth rate and wood
density was investigated by regression analysis.
The relationship between initial stem circumference size and
long-term growth rate was explored through regression analysis
for the entire data set, as well as for the Sand Forest species and
woodland species separately. Furthermore, initial stem circum-
ferences were grouped into five size classes: ≤100 mm; N100–
150 mm; N150–200 mm; N200–300 mm; and N300 mm. Mean
growth rates for all the individuals belonging to an age class
were calculated for the various periods.
Differences in growth rates within a size class over the three
seasons were analysed by using one-way analysis of variance
(ANOVA) in the Statistica computer program (Statistica Version
7.0, Statsoft® Inc, Tulsa, OK, USA). One-way or main effects
Fig. 2. The relationship between wood density and long term growth rate of
Sand Forest and woodland species in Maputaland, northern KwaZulu–Natal,
South Africa.
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woodland and forest species in long-term annual stem
circumference growth, and for the three separate seasons of
growth.
A principal coordinate analysis (PCO) in the SYNTAX 2000
computer package (Podani, 2001) was run on the species
growth increments between surveys across the entire monitor-
ing period to determine the relationship between the species.
3. Results
The maximum and minimum stem circumference measure-
ments recorded during the first survey, the mean annual growth
rate per species and vegetation type over the 71 month survey
period, as well as for the first three seasons separately, appear in
Table 2. The mean annual stem circumference growth rate
among the 23 species varied thirteen fold, from a low of
2.04 mm/yr for B. huillensis to 26.28 mm/yr for G. livingstonei.
The mean annual growth rate for the 2001/2002 season with
510 mm of rainfall recorded from August 2001 to May 2002
was 2.78 mm/yr. The corresponding values for the 2002/2003
and 2003/2004 seasons were 228 mm of rainfall and 5.15 mm/
yr and 486 mm of rainfall and 5.95 mm/yr respectively. In spite
of the seemingly large differences in growth rates between the
three periods a main effects ANOVA showed that neither season
(p=0.22) nor species (p=0.21) significantly affected the
seasonal growth rate. Furthermore, the seasonal growth rate
did not follow the seasonal rainfall trend and was at its lowest in
the season with the highest rainfall.
An analysis of the seasonal trends in different size classes
(Fig. 1) showed that there were no significant seasonal
differences in growth rates for the smallest two size classes
(p=0.38, ≤100 mm circumference class; and p=0.34, N100–
150 mm circumference class) or for the largest size class
(p=0.69, N300 mm circumference class). However, the N150–
200 mm as well as the N200–300 mm size classes showed
significantly (pb0.00 and p=0.01 respectively) lower growth
rates in the 2001/2002 season.Fig. 1. An analysis of the growth rates of all individuals across species in
different size classes over the 71-month survey period (long-term), as well as for
first three seasons separately.When the data of all species were considered, there was a
significant positive relationship between stem circumference and
growth rate (y=0.0321×+0.0678; r2=0.31; pb0.00). However,
no significant relationship between wood density and long term
growth rate (Fig. 2) could be demonstrated (y=−0.0162×+21.527;
r2=0.14; p=0.11). Wood density values (where available) used in
the present study were values published in Geldenhuys (2004) or
Van Wyk (1972, 2004).
3.1. Sand Forest vegetation
Themean growth rate in stem circumference for theSandForest
trees over the whole survey period was 4.75 mm/yr (Table 2). The
lowest growth rate was recorded forB. huillensis (2.04mm/yr) and
Drypetes arguta (2.15 mm/yr). Vepris lanceolata (8.15 mm/yr)
and Pteleopsis myrtifolia (12.20 mm/yr) had the highest stem
circumference annual growth rate over the 71-month period.
The mean annual growth rate in stem circumference for the
first period (2001/2002 season) as well as for the third period
(2003/2004 season) was negative for two species, but positive
for all species during the second period (2002/2003 season).
However, the species with negative growth increments were not
the same for the two periods (Table 2). The mean annual stem
circumference growth rates for the Sand Forest species were
2.02, 4.69 and 2.46 mm/yr for the first, second and third seasons
respectively, indicating the highest growth rate in the driest year.
A main effects ANOVA however, showed that neither season
(p=0.25) nor species (p=0.65) significantly affected the
seasonal growth rate.
There was a significant, but weak, positive relationship
between stem size and annual growth increment for the Sand
Forest species (y=0.0177×+1.8096, r2 =0.08; p=0.02).
3.2. Woodland vegetation
The mean growth rate for the woodland vegetation over the
whole survey period was 9.04 mm/yr in stem circumference
(Table 2). G. livingstonei (26.28 mm/yr), Sclerocarya birrea
(13.31 mm/yr) and Albizia versicolor (12.01 mm/yr) had the
highest long-term stem circumference growth rates and Spir-
ostachys africana (2.54 mm/yr) the lowest rate.
Fig. 3. The changes in growth rate in the intervals between successive surveys
across the monitoring period for all individuals of Sand Forest versus woodland
species.
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negative for the two Strychnos species, and for Spirostachys
africana in the second season. In the third season it was positive
for all species. The mean growth rates for the woodland species
were 3.87, 6.53 and 11.85 mm/yr for the first, second and third
seasons respectively. A main effects ANOVA with season and
species as main factors showed that neither season (p=0.07) nor
species (p=0.33) significantly affected the seasonal growth rate.
There was a significant, positive relationship between stem
size and annual growth increment for the woodland species
(y=0.0399×−0.971; r2 =0.4874; pb0.00).
3.3. Species with mixed Sand Forest and woodland affinities
Only three woody plant species were classified into this group.
The mean long-term growth rate for this group was 6.75mm/yr in
stem circumference (Table 2). P. reticulatus (11.82 mm/yr) had
the highest mean annual stem circumference growth rate, withFig. 4. A principal coordinate analysis (PCO) on the mean growth increment (per specie
Afzelia quanzensis; A.v. Albizia versicolor; C.m. = Combretum molle; C.s. Cleistanthu
nocardia ulmoides;M.d. =Manikara discolor; P.l. Psydrax locuplex; P.o. = Psydrax ob
S.h. = Strychnos henningsii; S.m. = Strychnos madagascariensis; S.s. = Strychnos spino
squares = Sand Forest species; triangles = mixed species.Dialium schlechteri (4.74 mm/yr) and Afzelia quanzensis
(3.68 mm/yr) showing similar, but much lower values.
The growth rate was positive for all three species during the
first and second seasons but was negative for Afzelia quanzensis
in the third season (Table 2). The mean annual stem
circumference growth rates for this group of plants were 7.19,
4.33 and 2.87 mm/yr in the first, second and third seasons
respectively.
There was no significant relationship between stem size and
annual growth increment for the mixed Sand Forest and
woodland species (y=0.024×+1.301; r2 =0.0792; p=0.46).
3.4. Comparisons between Sand Forest and woodland species
The mean long-term annual growth rate in stem circumference
of the Sand Forest species did not differ significantly from the
woodland species (p=0.09). Similarly, there were no significant
differences between the growth rates of the Sand Forest and
woodland species for the first (p=0.54) and second (p=0.78)
seasons investigated. However, the woodland species showed a
significantly higher growth rate in the third period (p=0.02).
Fig. 3 illustrates the changes in growth rate between
successive surveys across the monitoring period. In general,
woodland species showed larger fluctuations in growth rate and
the temporal pattern of Sand Forest species seemed to lag
behind that of the woodland species. A repeated measures
ANOVA showed no difference between the curves of the Sand
Forest and woodland species (p=0.13).
The principal coordinate analysis did not reveal a distinct
discontinuity between Sand Forest and woodland species.
However, there was a gradual transition from Sand Forest
species in the lower left hand corner to woodland species in the
upper right hand corner (Fig. 4). Evergreen Sand Forest species
could also not be separated from deciduous species.s) between surveys across the entire monitoring period.A.b. =Acacia burkei;A.q. =
s schlechteri; D.a. = Drypetes arguta; D.s. = Dialium schlechteri; H.u. = Hyme-
ovata; P.m. = Pteleopsis myrtifolia; R.g. = Rhus gueinzii; S.b. Sclerocarya birrea;
sa; T.s. = Terminalia sericea; V.l. = Vepris lanceolata; Circles = woodland species;
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The growth rate estimates presented in this paper were
obtained over a period of ca. 6 yr (71 months) during which
time climatic extremes were experienced. Growth increments
are known to vary widely between measurement periods over
the short term (Clark and Clark, 1994), which was also the case
in the present study. Annual growth rates were, however, not
related to the seasonal rainfall pattern. The 2001/2002 season,
which received more than twice the rainfall of the 2002/2003
season, had lower growth rates than the latter season. Similar
patterns have been recorded in the Costa Rican tropical rain
forest where the years of highest overall growth were
exceptionally dry (Clark and Clark, 1994); an Appalachian
old-growth forest where stem growth was highest during the
drought (Olano and Palmer, 2003), and Sheil (1997) reported a
reduction in growth rates when measured over wetter periods in
a moist forest in Uganda. In contrast, studies in a Mediterranean
forest (Ogaya et al., 2003) and temperate forest (Demchik and
Sharpe, 2000) report reduced growth during drought.
A breakdown into size classes revealed that the reduction in
growth rate in the 2001/2002 season was not even across all size
classes. The reduction was significant in two of the larger size
classes, whereas the smallest size class showed an increased
(although not significant) growth rate. In their study Olano and
Palmer (2003) found that the decrease in diameter growth during
drought occurred in the largest size class with a general increase in
growth in the smaller size classes. They ascribed the increased
growth in the smaller individuals to a reduction of the leaf area of
the canopy trees during the drought, allowing an increase in light
penetration to the subcanopy. The smaller trees of the subcanopy
are limitedmore by light than bywater, and therefore benefit from
the drought that primarily affects the canopy trees (Olano and
Palmer, 2003; Hoffmann and Franco, 2003). Although the 2001/
2002 season received a fair amount of rain, most of the rain was in
the early season (2001) and the late season, from February
onwards was exceptionally dry. The decrease in growth of the
large individuals in May 2002 was therefore coupled to drought
and the relatively higher growth rate in the small size classes was
probably the result of reduced growth in the taller trees.
In a detailed study on the effect of soil water availability on
tree girth changes Baker et al. (2002) warn against the bias
introduced by growth estimates taken during the dry season
when soil moisture availability is highly variable. They
demonstrated significant stem shrinkage as soil matric potential
declines, with deciduous species showing larger contraction
than evergreen species and larger trees showing more shrinkage
than smaller ones. The rate of stem shrinkage also differed
between deciduous and evergreen species. In evergreen species
shrinkage increased as the dry season progressed, whereas for
deciduous species shrinkage was reduced in the second half of
the dry season, after leaf fall. The results of Baker et al. (2002)
could offer explanations for some of the observations in the
present study. For example, the larger seasonal difference in
growth rates for woodland species (Table 2, Fig. 2) could be as a
result of these species all being deciduous as opposed to the
Sand Forest group which included several evergreen species. Ingeneral, the woodland species also had larger stem circumfer-
ences than the Sand Forest species, which could also have
contributed to the larger shrinkage. The lack of a relationship
between the seasonal growth rates (dry season to dry season)
and rainfall found in this study is probably due to the fact that
soil matric potential is highly variable during the dry season.
The low growth rate for the 2001/2002 season could be the
result of water availability still being high at the time of the first
survey in May 2001 following good late-season rain (February–
May) and no stem shrinkage would have occurred, whereas in
May 2002, at the time of the second enumeration, water
availability could have been low due to poor late-summer rain
and therefore substantial stem shrinkage could have occurred,
especially in the deciduous species and larger size classes.
To minimise the effect of inter-annual variation in dry season
soil water availability on growth rate estimates, Baker et al.
(2002) recommend that measurements in dry forests should be
taken during the wet season when variation is at its lowest. The
long-term growth rates provided in this study were indeed
derived from wet season measurements and these values should
therefore not suffer from this shortcoming.
The present results suggest that there is no significant
difference in terms of mean annual growth rate between the
vegetation types. Similar results were described byHoffmann and
Franco (2003) in Brazil where no differences in growth rate were
found between forest and savanna tree species. The PCO
ordination of the temporal changes in circumference over the
study period supports the lack of a clear separation between the
groups of species and indicates a gradient from Sand Forest to
woodland species. Evergreen and deciduous species could not be
separated on the basis of annual growth rates, possibly because
deciduous species compensated for the shorter growing period by
higher growth rates during the season (Chidumayo, 2005).
With the exception of the 2001/2002 season, larger trees
sustained higher growth rates. This differs from the trend
observed by Finegan et al. (1999) in a logged and silviculturally
treated Costa-Rican rain forest where a significantly lower stem
circumference growth rate was observed for large than for small
trees. However, Ogaya et al. (2003) reported that the stem
diameter increments in a Mediterranean forest were larger in
canopy trees than in subcanopy trees. It is possible that larger
canopy trees use the available moisture for photosynthesis better
than their smaller subcanopy counterparts (Ogaya et al., 2003).
Of the 10 Sand Forest species measured in this study
B. huillensis, Cleistanthus schlechteri and Hymenocardia
ulmoides are valuable species for construction (Gaugris and Van
Rooyen, 2006). The lowest growth rate was recorded for B.
huillensis, which is one of the most prized species. The important
building wood species Cleistanthus schlechteri and Hymenocar-
dia ulmoides also counted under the slower growing species. The
valuable fuel wood Acacia burkei, the craft-wood Terminalia
sericea and the fruit tree Sclerocarya birrea (Gaugris and Van
Rooyen, 2006) counted among the 10 woodland species
measured. These species showed intermediate to relatively high
growth rates.
The stem circumference growth rate of the species analysed in
the present study comparedwell with those of several other studies
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grow at similar rates than in other regions of southern Africa and
Africa. Woodland species in the present study had a mean annual
growth rate of 9.04mm/yr (range 2.54–26.28 mm/yr). Rutherford
(1978) cited a mean of 15.7 mm/yr for six species (range from 6–
25 mm/yr) in a Burkea africana savanna on nutrient-poor sandy
soils and some values reported for savanna species are 9.26 –
12.95 mm/yr for Pterocarpus angolensis (Stahle et al., 1999) and
12.56 mm/yr Baikiaea plurijuga (Rutherford, 1978). Present
growth rates for Acacia species are however, considerably lower
than those observed for other Acacia species in arid and semi-arid
regions in Africa, e.g. 22 mm/yr for Acacia drepanolobium
(Okello et al., 2001) and 37.7–43.96 mm/yr for some African
Acacia species (Gourlay, 1995). On more fertile soils at two sites
in Zambia Chidumayo (2005) reported growth rates from 25–
80 mm/yr, which are substantially higher than the present values.
Sand Forest species show a mean of 4.75 (range 2.04–12.20 mm/
yr), which shows good agreementwith themeanof 5.02mm/yr for
the Xumeni forest in Natal (Moll andWoods, 1971). It also agrees
well with the values for undisturbed southern Cape forests which
range from 1.4–4.8 mm/yr for four species, whereas exploited
southern Cape forest have substantially higher values ranging
from 5.8–12.9 mm/yr (Rutherford, 1978). In an agrisilvicultural
system in southern Cameroon, the forest species Terminalia
ivorensis also showed a growth rate similar to the Sand Forest
species (2.45 mm/yr; Norgrove and Hauser, 2002).
Although the Sand Forest grows in more arid conditions than
other southern African forest types, and they occur mainly on
deep, acidic, nutrient poor soils where leaching of minerals and
nutrients is high (Matthews et al., 2001) they still appear to
support the same growth rates as other forest types in southern
Africa. The woodlands of Tembe Elephant Park and Tshanini
Game Reserve occur on acidic, grey, distrophic regosols that are
poor in clay (Matthews et al., 2001) and support similar growth
rates to those of savanna systems on sandy soils elsewhere,
although they could be lower than those of more fertile systems.
5. Conclusion
The growth rates of the 23 woody species in northern
Maputaland region of South Africa have been established as
carefully as possible for the first time. These values represent a
general indication of the growth rates under the meteorological
conditions that were observed during the present study. The
extrapolation from the mean species growth rates to a mean
growth rate for all the trees in a specific vegetation type is based on
a small number of species and should be applied with caution.
Some of the species have been recognised by the local people as
being valuable for the production of timber, firewood, fruits and
crafts, and knowledge of these growth rates can be applied to
management programmeswith the above-mentioned reservations.
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